Risk management is an inevitable way for an organisation to survive in such a competitive market. Big industries are exposed of so many modes of failure in their production processes that it makes difficult and baffling for a manager to decide which modes are of high priorities to diminish or prevent. Methods like FMEA can provide a way but not guarantee good results, because of high dependency on perception of the experts at the moment of evaluating the risks. The main objective of this paper is to eliminate the effects sentimentality and it presents a new method of FMEA to evaluate the risks of an organisation, in which TOPSIS help the method assess both the severity of the effects and the detection possibility of the failure modes with very low error. The method has been successfully implemented in a large Iranian company -Esfahan Mobarakeh Steel Company -before. The results show the most important risk among 645 failure modes in 21 production lines, only in one of the five industrial regions, is the adherence of box in box annealing line. 
Introduction
In general, sustainable manufacturing has been viewed in three perspectives namely: process, product and material (Vimal and Vinodh, 2013) . Therefore, it is diversity in markets and customer needs, competitiveness atmosphere, and technology improvements from one hand, and big changes in political cultural regional affairs has led to large revolutions in industrial systems in the current era. It is of no doubtfulness that only those organisations can survive in such conditions that can efficiently adjust to these changes. Critical success factors of an evaluating method makes it possible for the method to have core competency upon other counterparts in a context (Rehman et al., 2015; Berjis et al., 2015) .
In today's highly competitive business environment, survival and growth of manufacturers depend on their ability to offer a great variety of high quality products at an acceptable price using minimum lead time (Singh and Ahuja, 2015) . The quality of a product depends, in its own turn, on how the manufacturing processes can overcome the risks of failure during the production/assembly procedures. Risk management is supposed to be a must in any enterprise due to the necessity of considering the methods of predicting the future of market. Failure modes are the main areas of risk in systems with stochastic natures. There are many ways to recognise, prevent, control or remove the failure-prone situations. Failure modes effects analysis (FMEA) is one of the most famous ones which considers three different aspects a single defect can harm the whole system: the frequency it happens during a period (occurrence number: O), the extent to which it can harm the system (severity number: S), and the ease and probability the failure mode can be recognised (detection number: D).
Decision-making processes require supportive systems in which enough data help the researchers do their best in recognising the most appropriate alternatives in any situations. Risks always increase the amount of sensitivity of decision-making processes in some special occasions when a right/wrong decision can make a significant change in financial, production, sales, purchase, etc. Risk management is tightly tied to decision making in one hand, and decision making has more than one aspect to consider in the other hand. Thus, it sure is a necessity to apply multi-criteria decision-making (MCDM) techniques in risk management systems.
It is vital to have realistic analysis about the roots of defects and failure modes in any industry, especially in those firms that have a significant role in the regional market. The performance of a firm lays mostly on the context of evaluation (Mane and Jayadeva, 2015) . Mobarakeh Steel Company (MSC) is one of most important Iranian enterprises due to some factors such as financial turnover, entrepreneurship, market share, customers and so on. A study of this kind gains a high extent of importance.
This paper reflects a novelty in combining an efficient MCDM method (TOPSIS) with an efficient risk management instrument (FMEA) in a way that a more productive tool comes in hand. The main objective of this study is to vanish the influence of an expert emotions within the process of risk evaluation. FMEA considers the risks in a system in three different aspects. Two of them (severity and detection) are highly related to the taste of those experts who are to evaluate the risks. TOPSIS, here, help them make more reliable decisions by separating each aspect into some criteria and evaluate the risks in detail. It sure is a much more comfortable evaluation process than the classic form of FMEA. The rest of the paper holds a review on the literature, a description of the method, the study in the case, and a conclusion of all. Results show a high level of effectiveness and detail in the consequences of the method.
Literature review
FMEA was developed by reliability engineers in the late 1950s as the first systematic technique for risk analysis to study problems that might arise from malfunctions of military systems. An FMEA is often the first step of a system reliability study which involves reviewing as many components, assemblies, and subsystems as possible to identify failure modes, and their causes and effects. An FMEA is mainly a qualitative analysis which was later used in atomic firms and automobile industries (Rausand and Høyland, 2004; Khond et al., 2012) .
FMEA is management system to define, recognise, assess, prevent, remove or control potential failure modes, causes and effects in a system, process, design, or a service before delivery to the customer based on a team-work theme (Carlson, 2012) . Having recognised the potential failure mode, the method searches for the cause by dividing the risks into some sub-risks in order to detect the causes more easily. Errors hierarchy tree and/or fishbone diagrams could be used in the context. MCDM methods, in the other hand, help managers decide more easily in sophisticated situations in which many aspects and angles of decision play roles. The MCDM methods are of two general types: multi-objectives decision-making (MODM) methods and multi-attributes decision-making (MADM) methods. MADM, itself, divides into two general types: compensatory and non-compensatory methods in which a high score of an alternative in one attribute does/does not compensate a low one in another attribute, respectively (Gal et al., 2013) (Büyüközkan and Çifçi, 2012) . A new hybrid method combining FMEA and fuzzy TOPSIS considers diverse situations in a gas company in Gilan (Iran). The method assumes the three numbers of FMEA (i.e., severity, occurrence, and detection) as the criteria in TOPSIS, each of which valued in three level of low, medium and high to produce triangular fuzzy numbers (Vahdani et al., 2014) . Another combination of FMEA and fuzzy TOPSIS has been used in a food industry in Turkey to present a dynamic framework for scheduling PM activities (Selim et al., 2015) . Mahdevari et al. (2014) also presented a hybrid method of FMEA and fuzzy TOPSIS to manage the HSE (i.e., health, safety, and environmental) risks in underground coal mines. The paper considers even highly detailed HSE criteria such as mine depth and humidity as amplifiers of severity in FMEA studies. A paper combined FMEA and TOPSIS to order the electronic complaints to a gas company in Isfahan (Iran). It used FMEA to evaluate the complaints first, and used TOPSIS to order them besides some other criteria so that the management team can easily take decision about which complaints to be taken into considerations of survey and improvement (Shahin et al., 2014) .
Methodology
Classical TOPSIS method compared every solution to two ideal best and worst solutions to measure the extent to which each of the solutions are preferable in a normalised context. The following is the outlines of this method in a quick view. Refer to Mazaheri et al. (2015) for further information.
The following steps are the principals of TOPSIS:
• Normalisation of the decision matrix. 
The normalised matrix let the decision maker release the solutions from the dimension of the attributes.
• Obtaining the weighted normal decision matrix.
The weights of the attributes show the importance they have form managerial perspective.
• Constructing the ideal positive and negative solutions.
The best values of an attribute amongst all the alternatives are selected for the ideal positive solution and the worst values for the ideal negative solution.
( )
• Calculating the distances between all the solutions and the ideal solutions.
• Obtaining the relative similarity index values for all the solutions ( ) 1, 2, ...,
The more the relative similarity index value of a solution is, the more the solution is preferable. This index shows simultaneously how much a solution is far from the ideal negative solution and near to the ideal positive solution. The FMEA method calculates the intensiveness of a risk from three aspects: severity, detection, and occurrence. The severity (S) number of a risk shows the extent to which a risk has side effects, the detection (D) number of a risk shows how much a risk is detectible, and the occurrence (O) number of a risk shows how often a risk happens. A risk priority number (RPN) is the multiplication of S, D and O numbers of a risk. RPNs vary between 1 to 1,000 (because S, D, and O vary between 1 to 10).
The classic form of FMEA gives three different separate risk numbers, each of which regarding to one aspect of a risk in the whole system: the severity of effects resulting from failure modes (S), the risk of failure modes ignorance due to the ways of causes detection (D), and finally the frequency of failure modes occurrence in recent years ending to the research moment (O). Although the three-sided observation of a failure mode increases the level of sureness in a manager's needs for decision making, there are always some errors occurring during the evaluations of the failure modes. These errors mostly appear in assigning the numbers to each mode due to some facts including:
1 Simultaneous risk number assignment results in an unwanted correlation between the numbers in the expert's mind. The more the evaluating process gets compact and large, the more the correlation between the risk sub-priority numbers increases. The solution is to separate the process into some categories.
2 Severity number has different meanings in different minds. An expert thinks of a risk severity with respect to the professional area (s)he works in. A sales expert may suggest a risk has a high severity level when there are some problems relating to the failure mode which end in difficulties during the process of convincing the customer choose it amongst all the alternatives; while a technical expert thinks the failure mode is not that sever to have a high S number, due to the easy correction instruction it owns. It means a risk severity should be accessed regarding to multiple attributes.
3 Detection of a failure mode is possible by the help of different state-of-the-art activities, most of which are so incomparable together that the expert cannot even assign numbers in a way to reveal the differences between the modes vividly. For example, one can imagine two failure modes, one of which is only detectable by a statistical experiment, and the other is easily detectible by a site man observation. Now, the expert wants to give two D numbers to these failure modes without any proper meter to measure the degree of difference between them, to show when a mode is detectable just by a glance at the assembly line, there is no need to design scientific experiments to find out it occurs. It is inferred there are multiple criteria to determine the extent to which a failure mode is detectible.
4 There are sometimes not enough number of experts in an organisation having both the competency of knowledge and the judgement, etc. Therefore, it seems to be a need for a method filling this gap in a way that these defects can be covered.
There are also many more reasons due to which this paper presents a hybrid method for risk assessment, combining FMEA method (to evaluate the risk from three possible sides) and the TOPSIS technique (a MCDM method which the high level of an alternative in a criterion can compensate its low level in another criterion). The first advantage of this hybrid method is the independency of results from the tastes of the experts. As inferred from the traditional FMEA, severity and detection criteria highly depend on each other and also on the occurrence criterion. It means that if a failure mode has very severe effects with itself, it lead the expert unconsciously to give high numbers in the other two aspects too. But the method removes this defect as much as possible.
Here goes some contributions that the study presents.
• To calculate the RPNs in this method, the integer 1-10 ranges of three criteria convert into the continuous 0-10 ranges which are obviously more exactly.
• The occurrence number (O number) is computed by normalising the quantities of the modes, recorded by the company within the last few years. The Euclidian zero-norm is used here. It means all the occurrence amounts (in terms of tons, for example) are divided by the maximum amount between all the risks, so that the maximum value will be 1 and the minimum could be very near to zero. It is simply possible to multiply these normalised numbers by 10 in order to obtain O numbers for further utilisation.
• The severity (S) and detection (D) numbers of the failure modes are evaluated using TOPSIS through eight criteria (eight criteria such as the customer missing probability for S, and eight criteria such as simple sight checking by a site man for D), illustrated in Tables 1 and 2 . These two numbers are calculated through TOPSIS technique and the occurrence number is calculated by the help of real data.
• Hence, the three real 0-10 ranges of FMEA sub-numbers are finally multiplied in each other to construct the RPNs of the modes. Any of the modes are evaluated regarding to all the eight criteria of S, and also regarding to all the eight criteria of D. It is an effective method to classify an aspect into different views in order to have better benchmark in evaluating a situation (Barrows et al., 2015) . The technique of ordering preferences based on similarity to ideal solutions (TOPSIS) as could be easily inferred from the name, adds two artificial alternatives to the list of preferences, using maximum/minimum values of each criteria and assigns the max and min values to the ideal and anti-ideal preferences, respectively. In this context, the RPN value has a negative effect (i.e., the more an RPN is, the more risky it is as for a managerial perspective). Thus, the ideal and anti-ideal solutions (A + and A -) should be made up of maximum and minimum numbers in each criteria, respectively, when a criteria has a negative nature (i.e., the less the number is, the more it is risky in managerial perspective). TOPSIS gives a number in [0, 1] interval to every single alternatives of the decision set. The numbers (S and D numbers output from the TOPSIS preference value of zero-one scale real interval) are multiplied by 10 to make a real number in the [0, 10] interval, useful for the S (or D) numbers of FMEA method.
Severity and detection numbers (S and D) are calculated among the risks of a single manufacturing line, due to the fact that these numbers are not only dependent on each other and the nature of the line, but also are independent from how much they occur. That is why the occurrence number (O) should be calculated as a general value regardless of which line a failure mode belongs to.
S and D numbers are extracted from different calculation boxes, each belonging to one manufacturing line. The three numbers (S, D, and O) are eventually multiplied together to produce a real number in the [0, 1,000] interval as the RPN values for the risks. Sorting the risks in terms of the RPNs descendingly helps a manager make a decision about which risks are of higher importance to be selected as the parts of the program of risk management due to all regards.
Case study
MSC is one of the most important companies of the region in products volume, lines size, turnover, personnel quantity, and technology. If supplies the material of many industries such as home appliances, automobiles, construction, fluid pipes, packaging, and profiles. There are seven industrial regions in diverse MSC sites all over Iran which have more than 20,000 personnel. Cold rolling regions (CRRs) is consisted of two divisions which holds 21 manufacturing lines together with. Cold rolling region 1 (CRR1) has nine lines: pickling line 1 (turbulent), pickling line 2 (turbulent), tandem mill (five stands-continues), cold reversing mill (tow stands), electrolytic cleaning, temper mill (tow stands), electro tinning line, tinning shearing line 1, and tinning shearing line 2. cold rolling region 2 (CRR2) has 12 lines: H2-bach annealing, box annealing (HNx), skin pass mill 1, skin pass mill 2, corrective line 1, corrective line 2, corrective line 3, corrective line 4, light gauge shearing line (1.5 to 3 mm width), heavy gauge shearing line (3 to 6 mm width), hot dip galvanising line, and colour coating line (roll applicator).
Each line was studied thoroughly and all possible risks were detected. The risk causes were determined by the help of fish bone diagrams. All the risks and sub-risks were coded based on to which lines they belonged. The number of failure risks detected in the lines vary from 6 (in the tinning shearing line 1) to 49 (in electro tinning line). To have a more detailed review on what has been done to the case study here. Table 3 illustrates one of the lines, which will later be known as the riskiest of all, to show the method step by step through tables. Box annealing lines have eight failure modes potentially which are shown in Table 3 . The occurrence numbers are calculated based on real data of the last three years. The occurrence numbers of the failure modes (O) are the volume of rejected products, recorded within the recent years. This paper suggests the real data from the last three years (mean) which are normalised through maximum-norm and then are multiplied by ten. As shown in Table 4 , each failure mode has been occurred many times in the period in terms of the number of tons the customers had claimed and the number of tons the company accepted itself. This study considered the number of tons accepted by the company and calculated the data of three years to obtain the O numbers. The codes 407 and 405 (related to box adherence and corrosion failure modes, respectively) are of the highest rated modes regarding to occurrence repetitions during recent year. If somebody considers this aspect as the only criterion of decision-making process, (s)he certainly remove other failure modes from the list of predictive/funding actions because of the significant difference between the occurrence numbers of the second and third ranks in Table 4 , which means removing the code 405 related to the failure mode: corrosion which will, later, be known as the second ranked priority of detection and the first ranked in severity number with a significant difference to the third one. The questionnaires in two phases of risks severity (S) and risks detection (D) were distributed amongst 30 experts from diverse departments. The criteria are surveyed first to have weights. The risks of failures in every line are evaluated regarding to eight criteria of severity (Table 1 ) and eight criteria of detection (Table 2 ) and then are solved by TOPSIS in order to have risk number (S or D as shown in Tables 5 and 6 , respectively). As shown in Table 5 , the codes 405 and 406 (related to corrosion and skein change failure modes, respectively) are of the highest rated risky modes regarding to the way they are detected in the manufacturing line. The first inception, here, is that they should be highly cared if someone thinks of the most difficult failure modes in recognition. It inferred that the code 407 -related to box adherence failure mode -will be neglected if one only considers the severity of risks. While the failure mode will later turn out as the first ranked in detection number and also the first ranked mode in the list of all the risks throughout the manufacturing lines of the CRRs in MSC with a significant difference with the next priorities. As shown in Table 6 , the codes 407, 405, 403, and 406 (related to box adherence, corrosion, damaged margins, and skein change failure modes, respectively) are of the highest rated risky modes regarding to the way they are detected in the manufacturing line. The first inception, here, is that they should be highly cared if someone thinks of the most difficult failure modes in recognition. It is notable, here, that there are two differences the natures of these three numbers. The first difference is that O numbers are obtained directly based on fact-based data, while the other two numbers are calculated by the help of experts evaluations (although these evaluations are categorised precisely enough to decrease the effect of self-opinions bias). The second difference is that O numbers are calculated between all the risks of all the lines as a whole list, while the other two numbers are considered separately in different lines. This is chosen to be this way because there would be a bias in evaluations when the experts are comparing the risks of different natures in different lines. Thus, they were limited just to one line failure modes in order to evaluate more easily and precisely.
Having obtained the O, S, and D numbers of all the risks in separated phases, we calculate the RPNs, multiplying them by each other ( Table 7) .
Note that the RPNs are calculated for all the 625 risks of the manufacturing lines of the whole region and the ranking process is performed upon the RPNs. As seen in Table 7 , the first two ranks belong to box annealing lines (box adherence and corrosion with 382.36 and 41.51 RPNs, respectively). This means the riskiest line is box annealing and the riskiest failure mode to be considered by the management team is box adherence risk with a significant difference to the next priorities. 
Conclusions
The hybrid method of FMEA and TOPSIS is defined in this paper in details. TOPSIS helps FMEA calculate S and D numbers of the risks upon eight different attributes of severity and eight different attributes of detection priorities. The O number is calculated in a different manner to the classic form in which the fact-based data of the risks occurrences are gathered, the average values of the recent years are obtained, and normalised within a zero-ten scale. Then, the RPNs of the risks are obtained by multiplying the three priority numbers. The more a RPN is, the more effective it is on the management decisions. The method has been implemented in a large Iranian steel firm, MSC and the results are presented. The method holds many advantages in comparison to its components as single instruments. One of these advantages is least dependence of the results on the self-opinions of the experts. Other advantages include non-affecting evaluations of the experts in each aspect of risk assessment, fact-based data of risk repetitions, and easier implementation due the separate phases of evaluation in comparison to the situation in which an expert should evaluate a risk completely in all the aspects at one time.
The results show the proposed method reveals the most important risks with a meaningful difference to the risks of second level of importance. The difference happens because of the independence of three aspects of priority which this hybrid method presents. This case of study outputs that box adherence in box annealing lines is the riskiest failure mode of all in the CRR with a significant difference to the next priorities (382.36 comparing to the next RPN: 41.51 which belongs to corrosion in the same manufacturing lines). It is inferred that the managers can ignore the others if they are in a critical mood of marketing or quality control (QC) departments.
